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(54) DIVERSITY RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diversity receiver with 
excellent resistance to interference and a simple configuration. 
SOLUTION: The diversity receiver is provided with a plurality of 
antennas (11 f 12), an antenna changeover device (13) that selects 
one of the plurality of the antennas (11, 12) and switches the 
connection, a demodulator (14) that demodulates the wireless 
signal to obtain a band spread spectrum signal, an analog/digital 
converter (15) that applies analog/digital conversion to the band 
spread spectrum signal to generate chip data, a digital matched 
filter (16) that obtains a correlation value between the chip data 
and the spread code, a maximum correlation value detection 
section (18) that detects a maximum correlation value, a mean 
value calculation section (21) that obtain a mean value of the 
maximum correlation value per frame, and a level comparator (22) 
that compares the mean value with a predetermined threshold 
value to output a control signal to control the antenna switching in 
the antenna changeover device (13) to the antenna changeover 
device (13). 
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CLAIMS 



[Claim(s)] 

[Claim 1] An antenna changer which chooses any or 1 of two or more antennas for carrying out diversity 
reception of the electric wave, and two or more antennas, and performs a connection change, The 
recovery section which restores to a radio signal obtained through an antenna connected by antenna 
changer, and acquires a spectrum diffusion signal, A correlation value detection means to calculate a 
correlation value of said spectrum diffusion signal and diffusion sign, The averaging section which 
calculates the average per frame of the maximum correlation value which a correlation value detection 
means outputs, Diversity reception equipment which compared a threshold beforehand determined as said 
average which the averaging section outputs, and was equipped with a level comparator which outputs a 
control signal for controlling an antenna change in an antenna changer to an antenna changer. 
[Claim 2] Said antenna changer is diversity reception equipment according to claim 1 which changes an 
antenna into a guard time contained in a frame. 

[Claim 3] Said correlation value detection means is diversity reception equipment according to claim 1 or 2 
which is a digital matched filter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the antenna change diversity 

reception technology used for spread spectrum direct sequence communication system. 

[0002] 

[Description of the Prior Art] In the radio communications using a digital cellular phone, a land mobile 
radiotelephone, etc., an input signal causes the increment in a lifting and a digital error for the level 
variation and phase fluctuation which are about dozens of dB by phasing which originates under migration 
and multi-pass environment of a migration communication terminal. For this reason, technology, such as 
after [ detection ] change diversity and antenna change diversity, is proposed as technology for 
compensating the fall of receiving level. In the diversity after detection, it is the method which adopts the 
data which formed an antenna and two or more receivers which restore to the received electric wave and 
reproduce received data in the receiving set, performed data playback in each receiving network, and was 
most reproduced in the high receiving network of receiving level. However, since the change diversity after 
detection needs two or more receiving networks, it has the defect to which the configuration of a receiving 
set becomes complicated and a manufacturing cost becomes high. For this reason, it is unsuitable for the 
digital cellular phone as which low cost and a simple configuration are required. 

[0003] Then, antenna change diversity is proposed as technology for realizing diversity with low cost and a 
simple configuration. An example of antenna change diversity reception technology is explained with 
reference to drawing 6 . The diversity reception equipment shown in this drawing is indicated by JP,2000- 
2951 50,A. In this drawing, the antenna changer to which signs 27 and 28 perform an antenna and 29 
performs an antenna change, and 30 receive the electric wave from a base station through an antenna 27 
or 28, are a receive section which gets over and outputs received data, and have the function to detect 
input-signal reinforcement 31 is an antenna selection means and controls an antenna changer 29 
according to the level of the input signal detected in the receive section 30. The antenna selection means 
31 measures the low pass filter 32 which filters input-signal reinforcement, a threshold generating means 
33 output the suitable change threshold over average input-signal reinforcement, and the change threshold 
and the input-signal reinforcement obtained from the threshold generating means 33, when input-signal 
reinforcement changes and it is less than a threshold, is equipped with a comparison means 34 control an 
antenna changer 29 to change an antenna, and is constituted. 

[0004] What has the cut off frequency of the Doppler change frequency degree which produces a low pass 
filter 32 on a received wave with the passing speed of a walking speed degree is used. The change 
threshold which the threshold generating means 33 outputs is set up in the range of the upper limit which 
was set up according to the value which filtered input-signal reinforcement with the low pass filter 32, and 
was defined, and a lower limit. By the above-mentioned configuration, even when phasing speed is slow, it 
can change in the suitable range and a threshold can be set up, and the fall of diversity gain can be 
suppressed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it cannot judge how much level of noises, such 
as an interference wave contained in an input signal, there are with the above-mentioned configuration, 
even if it is the case that the level of the noise contained in an input signal is high, there is a problem 
which judges that input-signal reinforcement is high and performs an antenna change. In the frequency 



band with which much communication system was intermingled like the ISM band (2.4GHz band) used for 
small power data telecommunication systems, such as wireless LAN, such a problem becomes still more 
serious in order to tend to cause interference mutually. Moreover, in antenna change diversity, since it 
changes in case aerial connection is changed in an antenna changer, and an excessive noise occurs, if an 
antenna change is performed at the time of transmission and reception of data, deterioration of a signal- 
to-noise power ratio (SNR) will pose a problem. 

[0006] Then, this invention solves the above-mentioned trouble and let it be a technical problem to 
propose diversity reception equipment excellent in interference resistance with a simple configuration. 
Moreover, let it be a technical problem for this invention to control deterioration of SNR accompanying an 
antenna change by performing timing of an antenna change into a guard time. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem diversity 
reception equipment of this invention An antenna changer which chooses any or 1 of two or more 
antennas for carrying out diversity reception of the electric wave, and two or more antennas, and performs 
a connection change, The recovery section which restores to a radio signal obtained through an antenna 
connected by antenna changer, and acquires a spectrum diffusion signal, A correlation value detection 
means to calculate a correlation value of said spectrum diffusion signal and diffusion sign, The averaging 
section which calculates the average per frame of the maximum correlation value which a correlation value 
detection means outputs, A threshold beforehand determined as said average which the averaging section 
outputs is compared, and it has a level comparator which outputs a control signal for controlling an 
antenna change in an antenna changer to an antenna changer. Since an antenna change is controlled by 
this configuration on the basis of the average per frame of the maximum correlation value which a 
correlation value detection means outputs, an antenna change in consideration of a signal-to-noise power 
ratio is attained, and diversity reception equipment excellent in interference resistance can be offered with 
a simple configuration. 

[0008] Moreover, in a configuration of the above [ diversity reception equipment of this invention ], an 
antenna changer changes an antenna into a guard time contained in a frame. By this configuration, 
diversity reception equipment which can control deterioration of SNR accompanying an antenna change 
can be offered. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of this operation is explained with reference to each 
drawing. 

[0010] Drawing 1 is the block block diagram of the diversity reception equipment of this invention, and is 
used for the spread spectrum direct sequence communication system of a TDD method. As shown in this 
drawing, diversity reception equipment is equipped with an antenna 11, an antenna 12, an antenna changer 
13, a demodulator 14, A/D converter 15, the digital matched filter (DMF) 16, the data judging section 17, 
the maximum correlation value detecting element 18, the clock playback section 19, the frame separation 
section 20, the average value calculation section 21, a level comparator 22, and a control section 23. 
[0011] In a spread spectrum direct sequence communication link, the product of the diffusion sign is 
carried out to the data which should be transmitted, and the spectrum diffusion signal of baseband is 
generated. A transmitter sends out the radio signal which modulated the carrier by this baseband spectrum 
diffusion signal (chip data). The electric wave sent out from the transmitter arrives at antennas 11 and 12. 
A demodulator 14 restores to the radio signal which received through the antenna chosen by the antenna 
changer 13, and acquires the baseband spectrum diffusion signal of an analog. With A/D converter 15, A/D 
conversion of the baseband spectrum diffusion signal of an analog is carried out, and it turns into a 
digitized baseband spectrum diffusion signal (chip data). 

[0012] The digital matched filter 16 calculates the correlation value of the chip data outputted from A/D 
converter 15, and a diffusion sign with the same pattern as a transmitting side, and outputs the maximum 
correlation value on frequency equal to the bit rate of transmit data. The digital matched filters 16 are n 
delay elements 24-1, 24-2, — , 24-n and n multipliers 25-1, 25-2, — , 25-n and the digital filter which 
consists of adders 26, as shown in drawing 2 . A delay element 24-1, 24-2, — , 24-n consist of shift 
registers etc. Each multiplier 25-1, 25-2, — f the coefficient that has the phase of the same pattern as the 
diffusion sign of a transmitting side in 25-n are held. One by one, chip data carries out the product of the 
multiplier 25-1 corresponding to a delay element 24-1, 24-2, — , the value in each chip section of chip data 



if inputted into 24-n and it, 25-2, — , the 'Coefficient stored in 25-n, adds the whole of the result with an 
adder 26, and outputs a correlation value. 

[0013] Coincidence of each pattern in the chip section of chip data and the pattern currently held at the 
multiplier 25 outputs the maximum correlation value from the digital matched filter 16. The maximum 
correlation value detecting element 18 will output a detection pulse signal to the clock playback section 19, 
if the maximum correlation value in the 1-bit section of a receiving baseband spectrum diffusion signal is 
detected. The clock playback section 19 reproduces a clock based on a detection pulse signal, and outputs 
it to the data judging section 17. By identifying the output value of the digital matched filter 16 to the clock 
timing which the clock playback section 19 outputs, the data judging section 17 reproduces transmit data. 
The reproduced bit data are incorporated as frame data by the frame separation section 20, and are 
supplied to each latter circuit. 

[0014] Drawing 3 is explanatory drawing of a format of a receiving frame. A receiving frame contains a 
preamble (PR), a sync word (UW), data division (DATA), the auxiliary sign (AUX) for error detection, a card 
time (GT), etc. Even when a mobile station is in the eel radius distance from which a propagation delay 
serves as max, in order to secure the communication link by which the base station was stabilized within 
the frame period, a guard time is set up for a long time than the time amount which propagation of the 
signal in a radius twice the distance of a eel takes. The frame separation section 20 outputs the frame 
timing signal corresponding to a guard time to the average value calculation section 21 and a level 
comparator 22 for every frame. The average value calculation section 21 calculates the average value of a 
peak level by converting into per frame the level (peak level) of the maximum correlation value detected by 
the maximum correlation value detecting element 18, and outputs this average value to a level comparator 
22. A level comparator 22 compares the threshold currently held at the control section 23 with the average 
value of the peak level outputted from the average value calculation section 21, and when the average 
value of a peak level is lower than a threshold, it outputs the control signal for changing an antenna based 
on a frame timing signal to an antenna changer 13. 

[0015] Drawing 4 is the graph of the result of having carried out computer simulation of the relation 
between the average per frame of the peak level which the maximum correlation value detecting element 
18 detects, and SNR of an input signal. As shown in this drawing, it is possible to obtain SNR based on the 
average of a peak level. Moreover, drawing 5 is the graph of the result of having carried out computer 
simulation of the relation between the average of a peak level, and probability density, and can ask for a bit 
error rate (BER) using SNR obtained from the average of a peak level, thus, in this invention, in order not 
to perform an antenna change on the basis of the level of an input signal like the conventional technology, 
but to presume SNR of an input signal on the basis of the average per frame of the peak level outputted 
from the digital matched filter 16 and to perform an antenna change, the antenna change diversity 
reception equipment which was extremely excellent in interference resistance is realized — things are 
made. 

[0016] Moreover, in the diversity reception equipment shown in drawing 1 , since the configuration of those 
other than average value calculation section 21, level comparator 22, and threshold setting section 23 is 
the same as the configuration included in the conventional spectrum diffusion communication device, the 
antenna change diversity reception equipment which was excellent in interference resistance with a 
comparatively simple configuration is realizable. Moreover, since an antenna changer 13 performs an 
antenna change to the timing of the guard time contained in a receiving frame, it can suppress generating 
of the change noise of an antenna. Moreover, selection with transmitting diversity and receiving diversity 
can be made by setting up in which guard time of a transmitting frame and a receiving frame a control 
section 23 performs an antenna change. 
[0017] 

[Effect of the Invention] Since an antenna change is controlled on the basis of the average per frame of 
the maximum correlation value which a correlation value detection means outputs according to this 
invention, the antenna change in consideration of a signalH:o-noise power ratio is attained, and diversity 
reception equipment excellent in interference resistance can be offered with a simple configuration. 
Moreover, according to this invention, since an antenna change is performed into a guard time, the 
diversity reception equipment which can control deterioration of SNR accompanying an antenna change 
can be offered. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] This invention relates to the antenna change diversity 
reception technology used for spread spectrum direct sequence communication system. 
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PRIOR ART 



[Description of the Prior Art] In the radio communications using a digital cellular phone, a land mobile 
radiotelephone, etc., an input signal causes the increment in a lifting and a digital error for the level 
variation and phase fluctuation which are about dozens of dB by phasing which originates under migration 
and multi-pass environment of a migration communication terminal. For this reason, technology, such as 
after [ detection ] change diversity and antenna change diversity, is proposed as technology for 
compensating the fall of receiving level. In the diversity after detection, it is the method which adopts the 
data which formed an antenna and two or more receivers which restore to the received electric wave and 
reproduce received data in the receiving set, performed data playback in each receiving network, and was 
most reproduced in the high receiving network of receiving level. However, since the change diversity after 
detection needs two or more receiving networks, it has the defect to which the configuration of a receiving 
set becomes complicated and a manufacturing cost becomes high. For this reason, it is unsuitable for the 
digital cellular phone as which low cost and a simple configuration are required. 

[0003] Then, antenna change diversity is proposed as technology for realizing diversity with low cost and a 
simple configuration. An example of antenna change diversity reception technology is explained with 
reference to drawing 6 . The diversity reception equipment shown in this drawing is indicated by JP,2000- 
2951 50,A. In this drawing, the antenna changer to which signs 27 and 28 perform an antenna and 29 
performs an antenna change, and 30 receive the electric wave from a base station through an antenna 27 
or 28, are a receive section which gets over and outputs received data, and have the function to detect 
input-signal reinforcement. 31 is an antenna selection means and controls an antenna changer 29 
according to the level of the input signal detected in the receive section 30. The antenna selection means 
31 measures the low pass filter 32 which filters input-signal reinforcement, a threshold generating means 
33 output the suitable change threshold over average input-signal reinforcement, and the change threshold 
and the input-signal reinforcement obtained from the threshold generating means 33, when input-signal 
reinforcement changes and it is less than a threshold, is equipped with a comparison means 34 control an 
antenna changer 29 to change an antenna, and is constituted. 

[0004] What has the cut off frequency of the Doppler change frequency degree which produces a low pass 
filter 32 on a received wave with the passing speed of a walking speed degree is used. The change 
threshold which the threshold generating means 33 outputs is set up in the range of the upper limit which 
was set up according to the value which filtered input-signal reinforcement with the low pass filter 32, and 
was defined, and a lower limit. By the above-mentioned configuration, even when phasing speed is slow, it 
can change in the suitable range and a threshold can be set up, and the fall of diversity gain can be 
suppressed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since an antenna change is controlled on the basis of the average per frame of 
the maximum correlation value which a correlation value detection means outputs according to this 
invention, the antenna change in consideration of a signal-to-noise power ratio is attained, and diversity 
reception equipment excellent in interference resistance can be offered with a simple configuration. 
Moreover, according to this invention, since an antenna change is performed into a guard time, the 
diversity reception equipment which can control deterioration of SNR accompanying an antenna change 
can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since it cannot judge how much level of noises, such 
as an interference wave contained in an input signal, there are with the above-mentioned configuration, 
even if it is the case that the level of the noise contained in an input signal is high, there is a problem 
which judges that input-signal reinforcement is high and performs an antenna change. In the frequency 
band with which much communication system was intermingled like the ISM band (2.4GHz band) used for 
small power data telecommunication systems, such as wireless LAN, such a problem becomes still more 
serious in order to tend to cause interference mutually. Moreover, in antenna change diversity, since it 
changes in case aerial connection is changed in an antenna changer, and an excessive noise occurs, if an 
antenna change is performed at the time of transmission and reception of data, deterioration of a signal- 
to-noise power ratio (SNR) will pose a problem. 

[0006] Then, this invention solves the above-mentioned trouble and let it be a technical problem to 
propose diversity reception equipment excellent in interference resistance with a simple configuration. 
Moreover, let it be a technical problem for this invention to control deterioration of SNR accompanying an 
antenna change by performing timing of an antenna change into a guard time. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem diversity 
reception equipment of this invention An antenna changer which chooses any or 1 of two or more 
antennas for carrying out diversity reception of the electric wave, and two or more antennas, and performs 
a connection change, The recovery section which restores to a radio signal obtained through an antenna 
connected by antenna changer, and acquires a spectrum diffusion signal, A correlation value detection 
means to calculate a correlation value of said spectrum diffusion signal and diffusion sign, The averaging 
section which calculates the average per frame of the maximum correlation value which a correlation value 
detection means outputs, A threshold beforehand determined as said average which the averaging section 
outputs is compared, and it has a level comparator which outputs a control signal for controlling an 
antenna change in an antenna changer to an antenna changer. Since an antenna change is controlled by 
this configuration on the basis of the average per frame of the maximum correlation value which a 
correlation value detection means outputs, an antenna change in consideration of a signal-to-noise power 
ratio is attained, and diversity reception equipment excellent in interference resistance can be offered with 
a simple configuration. 

[0008] Moreover, in a configuration of the above [ diversity reception equipment of this invention ], an 
antenna changer changes an antenna into a guard time contained in a frame. By this configuration, 
diversity reception equipment which can control deterioration of SNR accompanying an antenna change 
can be offered. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of this operation is explained with reference to each 
drawing. 

[0010] Drawing 1 is the block block diagram of the diversity reception equipment of this invention, and is 
used for the spread spectrum direct sequence communication system of a TDD method. As shown in this 
drawing, diversity reception equipment is equipped with an antenna 11, an antenna 12, an antenna changer 
13, a demodulator 14, A/D converter 15, the digital matched filter (DMF) 16, the data judging section 17, 
the maximum correlation value detecting element 18, the clock playback section 19, the frame separation 
section 20, the average value calculation section 21, a level comparator 22, and a control section 23. 
[0011] In a spread spectrum direct sequence communication link, the product of the diffusion sign is 
carried out to the data which should be transmitted, and the spectrum diffusion signal of baseband is 
generated. A transmitter sends out the radio signal which modulated the carrier by this baseband spectrum 
diffusion signal (chip data). The electric wave sent out from the transmitter arrives at antennas 11 and 12. 
A demodulator 14 restores to the radio signal which received through the antenna chosen by the antenna 
changer 13, and acquires the baseband spectrum diffusion signal of an analog. With A/D converter 15, A/D 
conversion of the baseband spectrum diffusion signal of an analog is carried out, and it turns into a 
digitized baseband spectrum diffusion signal (chip data). 

[0012] The digital matched filter 16 calculates the correlation value of the chip data outputted from A/D 
converter 15, and a diffusion sign with the same pattern as a transmitting side, and outputs the maximum 
correlation value on frequency equal to the bit rate of transmit data. The digital matched filters 16 are n 
delay elements 24-1, 24-2, — , 24-n and n multipliers 25-1, 25-2, — , 25-n and the digital filter which 
consists of adders 26, as shown in drawing 2 . A delay element 24-1, 24-2, — , 24-n consist of shift 
registers etc. Each multiplier 25-1, 25-2, — , the coefficient that has the phase of the same pattern as the 
diffusion sign of a transmitting side in 25-n are held. One by one, chip data carries out the product of the 



multiplier 25-1 corresponding to a delay element 24-1, 24-2, — , the value in each chip section of chip data 
if inputted into 24-n and it, 25-2, — , the coefficient stored in 25-n, adds the whole of the result with an 
adder 26, and outputs a correlation value. 

[0013] Coincidence of each pattern in the chip section of chip data and the pattern currently held at the 
multiplier 25 outputs the maximum correlation value from the digital matched filter 16. The maximum 
correlation value detecting element 18 will output a detection pulse signal to the clock playback section 19, 
if the maximum correlation value in the 1-bit section of a receiving baseband spectrum diffusion signal is 
detected. The clock playback section 19 reproduces a clock based on a detection pulse signal, and outputs 
it to the data judging section 17. By identifying the output value of the digital matched filter 16 to the clock 
timing which the clock playback section 19 outputs, the data judging section 17 reproduces transmit data. 
The reproduced bit data are incorporated as frame data by the frame separation section 20, and are 
supplied to each latter circuit. 

[0014] Drawing 3 is explanatory drawing of a format of a receiving frame. A receiving frame contains a 
preamble (PR), a sync word (UW), data division (DATA), the auxiliary sign (AUX) for error detection, a card 
time (GT), etc. Even when a mobile station is in the eel radius distance from which a propagation delay 
serves as max, in order to secure the communication link by which the base station was stabilized within 
the frame period, a guard time is set up for a long time than the time amount which propagation of the 
signal in a radius twice the distance of a eel takes. The frame separation section 20 outputs the frame 
timing signal corresponding to a guard time to the average value calculation section 21 and a level 
comparator 22 for every frame. The average value calculation section 21 calculates the average value of a 
peak level by converting into per frame the level (peak level) of the maximum correlation value detected by 
the maximum correlation value detecting element 18, and outputs this average value to a level comparator 
22. A level comparator 22 compares the threshold currently held at the control section 23 with the average 
value of the peak level outputted from the average value calculation section 21, and when the average 
value of a peak level is lower than a threshold, it outputs the control signal for changing an antenna based 
on a frame timing signal to an antenna changer 13. 

[0015] Drawing 4 is the graph of the result of having carried out computer simulation of the relation 
between the average per frame of the peak level which the maximum correlation value detecting element 
18 detects, and SNR of an input signal. As shown in this drawing, it is possible to obtain SNR based on the 
average of a peak level. Moreover, drawing 5 is the graph of the result of having carried out computer 
simulation of the relation between the average of a peak level, and probability density, and can ask for a bit 
error rate (BER) using SNR obtained from the average of a peak level, thus, in this invention, in order not 
to perform an antenna change on the basis of the level of an input signal like the conventional technology, 
but to presume SNR of an input signal on the basis of the average per frame of the peak level outputted 
from the digital matched filter 1 6 and to perform an antenna change, the antenna change diversity 
reception equipment which was extremely excellent in interference resistance is realized — things are 
made. 

[0016] Moreover, in the diversity reception equipment shown in drawing 1 , since the configuration of those 
other than average value calculation section 21, level comparator 22, and threshold setting section 23 is 
the same as the configuration included in the conventional spectrum diffusion communication device, the 
antenna change diversity reception equipment which was excellent in interference resistance with a 
comparatively simple configuration is realizable. Moreover, since an antenna changer 13 performs an 
antenna change to the timing of the guard time contained in a receiving frame, it can suppress generating 
of the change noise of an antenna. Moreover, selection with transmitting diversity and receiving diversity 
can be made by setting up in which guard time of a transmitting frame and a receiving frame a control 
section 23 performs an antenna change. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block block diagram of the diversity reception equipment of this invention. 

[Drawing 2] It is the block diagram of a digital matched filter. 

[Drawing 3] It is format drawing of a receiving frame. 

[Drawing 4] It is the graph of the average of a SNR pair peak level. 

[Drawing 5] It is the graph of the average pair probability density distribution of a peak level. 
[Drawing 6] It is the block block diagram of the diversity reception equipment in the conventional 
technology. 

[Description of Notations] 

11 [ — An A/D converter, 16 / — A digital matched filter, 17 / — The data judging section, 18 / — The 
maximum correlation value detecting element 19 / — The clock playback section, 20 / — The frame 
separation section, 21 / — The average value calculation section, 22 / — A level comparator, 23 / — A 
control section, 24 / — A delay element, 25 / — A multiplier, 26 / — Adder ] — An antenna, 12 — 
antenna, 13 — An antenna changer, 14 — A demodulator, 
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DRAWINGS 
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.Drawing 3] 
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